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Description

[0001] The present invention relates to an exhaust ap-
paratus according to the preamble portion of claim 1 and
more specifically to the structure of such an exhaust
manifold.
[0002] A Published Japanese Patent Application Pub-
lication No. H08(1996)-68316 shows an exhaust purify-
ing catalyst unit disposed just below an exhaust mani-
fold to promote the activation of the catalyst after a start
of the engine.
[0003] Recently, in order to further hasten the activa-
tion of the catalyst, and to improve the exhaust purifying
performance, attempts are made to decrease the heat
capacity of catalyst carrier and thereby to improve the
warming speed with honeycomb catalyst carriers of thin-
ner walls. However, the decrease of the carrier wall
thickness could cause erosion by granulated foreign ob-
jects contained in exhaust gases (such as welding spat-
ters), and cracks due to localized temperature differ-
ence caused by nonuniformity in exhaust gas streams.
[0004] When a confluence angle between two ex-
haust manifold branches is large and an expanding flare
section is connected directly to the confluence as in the
exhaust system of the above-mentioned document, the
exhaust stream is introduced into the catalyst in an ob-
lique direction forming a larger angle (greater than 30°)
with a center axis of the catalyst unit. Therefore, parti-
cles contained in the exhaust stream could cause ero-
sion by colliding against cell walls of catalyst carriers at
the entrance, and particles lingering at the entrance
could scrape the cell walls and cause erosion by moving
minutely with incoming exhaust stream.
[0005] When exhaust gas streams are introduced into
the catalyst through an expanding flare section immedi-
ately after the confluence, the flow velocity distribution
could be uneven in the entrance of the catalyst and the
temperature distribution could be too irregular in carriers
to cause cracks for example in the case of transition
from a medium and high load operation near the maxi-
mum speed, to a decelerating operation with fuel cutoff.
[0006] From US 4,151,715 there is known an exhaust
gas purification system for use in an internal combustion
engine, wherein the exhaust branches of cylinders #1
and #4 merge into a first combined branch and wherein
the exhaust branches of cylinders #2 and #3 merge into
a second combined branch. Said first and second com-
bined branches merge into a straight pipe, said straight
pipe leading to an exhaust purifying catalyst unit. Igni-
tion in the four-cylinder engine of document D1 takes
place in the order of the cylinders #1, #3, #4 and #2.
[0007] Moreover, DE 41 27 633 A1 discloses an ex-
haust gas system of an internal combustion engine,
wherein the exhaust branches of cylinders #1 and #4
merge into a first combined branch and wherein the ex-
haust branches of cylinders #2 and #3 merge into a sec-
ond combined branch. Therein, the second combined
branch is arranged coaxially with and is accommodated

within the first combined branch. The first and second
combined branches are opening into a narrowing fun-
nel, which leads to a straight pipe section. Between said
straight pipe section and the exhaust gas catalyst unit
a flare section (diffusing section) is arranged.
[0008] Additionally, EP 0 313 922 A1 discloses an ex-
haust gas system of an internal combustion engine,
wherein the exhaust branches of cylinders #1 and #4
merge into a first combined branch and wherein the ex-
haust gases of cylinders #2 and #3 merge into a second
combined branch. Same first and second combined
branches merge into a straight pipe portion. Between
said straight pipe portion and the exhaust gas catalyst
unit a diffuser section is provided.
[0009] From FR 2 663 986 there is known an exhaust
manifold, wherein the exhaust branches of cylinders #1
and #2 merge into a first combined branch and wherein
the exhaust branches of cylinders #3 and #4 merge into
a second combined branch. These combined branches
are partially arranged side-by-side and parallel to each
other. Between said side-by-side and parallel part of the
first and second combined branches and an exhaust
gas catalyst unit a diffuser section is arranged.
[0010] In addition, EP 0 818 616 A1 discloses an ex-
haust manifold, wherein the exhaust branches of all cyl-
inders #1 ~ #4 of the internal combustion engine are
commonly merging into a chamber part, which is con-
nected to a catalytic converter.
[0011] It is an objective of the present invention to pro-
vide an improved engine exhaust apparatus as indicat-
ed above adequate for preventing erosion and heat de-
terioration and improving emission control performance
and durability.
[0012] This objective is solved by an engine exhaust
apparatus having the features of claim 1.
[0013] Further embodiments are laid down in the de-
pendent claims.
[0014] In the following, the present invention is ex-
plained in further detail with respect to several embodi-
ments thereof in conjunction with the accompanying
drawings, wherein:

FIG. 1 is a schematic perspective view showing an
engine exhaust apparatus according to one embod-
iment.
FIG. 2 is a front view of an exhaust manifold shown
in FIG. 1.
FIG. 3 is a plan view of the exhaust manifold.
FIG. 4 is a side view of the exhaust manifold.
FIG. 5 is a bottom view of the exhaust manifold.
FIG. 6A is a graph showing a relationship between
a total length of exhaust manifold piping and an ex-
haust temperature. FIGS. 6B and 6C are schematic
views illustrating the total exhaust piping lengths in
two different exhaust manifold piping systems.
FIG. 7 is a graphs showing a relationship between
an exhaust gas temperature and an HC emission
quantity.

1 2



EP 1 387 052 B1

3

5

10

15

20

25

30

35

40

45

50

55

FIG. 8 is a graph showing influence on an exhaust
gas pulsation pressure by a confluence angle of ex-
haust manifold branches.
FIG. 9 is a graph showing a relationship between
the confluence angle and an intake volumetric effi-
ciency.
FIG. 10 is a schematic view showing behavior of a
particle flowing into a catalyst.
FIG. 11 is a graph showing a relationship between
an inclination angle and an erosion volume.
FIGS. 12A and 12B are views showing flow velocity
distribution at the inlet end of the catalyst in the em-
bodiment in comparison with a comparative exam-
ple.
FIG. 13 is a graph showing the degree of nonuni-
formity in the flow velocity distribution in the embod-
iment in comparison with the comparative example.
FIG. 14 is a graph showing a relationship between
an expanding angle and an maximum temperature
difference.
FIG. 15 is a graph showing an effect due to retar-
dation of an exhaust valve opening timing.
FIG. 16 is a block diagram schematically showing
a valve timing adjusting system which can be em-
ployed in the embodiment.

[0015] FIG. 1 shows an engine exhaust system ac-
cording to one embodiment. An engine 1 of this example
is a four cylinder engine. The firing order is: #1 → #3 →
#4 → #2.
[0016] An exhaust manifold 2 is fixed to one side of a
cylinder head of engine 1, and connected with exhaust
ports of the cylinders of engine 1. An exhaust purifying
catalyst (or manifold catalyst unit) 3 is connected with
an outlet (or downstream end) of exhaust manifold 2.
[0017] FIGS. 2~5 show exhaust manifold 2 more in
detail. Fig. 2 is a front view of exhaust manifold 2; FIG.
3 a plan view; FIG. 4 a side view; and FIG. 5 a bottom
view. Exhaust manifold 2 of the illustrated example in-
cludes four exhaust branches (exhaust manifold
branches) B1~B4, first and second combined (or con-
fluence) branches W1 and W2, a straight pipe section
(collecting section) SP, and a flare section (or diffuser
section) DF. Four exhaust branches B1~B4 are connect-
ed with the outlets of the exhaust ports through flanges
21. First combined branch W1 is connected with first and
fourth exhaust branches B1 and B4, and arranged to
form a confluence of exhaust streams of branches B1
and B4 from #1 cylinder and #4 cylinder which are not
consecutive in the firing order, and which are outer cyl-
inders in the cylinder row. Second combined branch W2
is connected with second and third exhaust branches
B2 and B3, and arranged to form a confluence of ex-
haust streams of branches B2 and B3 from #2 cylinder
and #3 cylinder which are not consecutive in the firing
order, and which are inner cylinders in the cylinder row.
In the cylinder row, #2 cylinder and #3 cylinder are lo-
cated between #1 cylinder and #4 cylinders. Straight

pipe section SP is connected with first and second com-
bined branches W1 and W2 to form a confluence of the
two combined branches. From the junction at which the
exhaust streams of two combined branches W1 and W2
merge, straight pipe section SP extends straight to the
inlet (or upstream end) of flare section DF. Flare (diffus-
er) section DF is conical in this example, and expands
outwards so that the diameter of flare section DF in-
creases gradually from the inlet to the outlet (or down-
stream end). Manifold catalyst 3 is fixed to the outlet of
flare section DF through a flange 22.
[0018] First and fourth exhaust branches B1 and B4
extend, respectively, from the exhaust ports of #1 cylin-
der and #4 cylinders, obliquely and downwardly toward
the confluence point located below the middle between
the outlets of the exhaust ports of #1 cylinder and #4
cylinders, and meets together at an confluence angle
(or convergence angle) θ1 equal to or smaller than 20°.
Confluence angle θ1 is defined as an angle formed be-
tween a center line of first exhaust branch B1 and a cent-
er line of fourth exhaust branch B4 at an intersection.
[0019] From the outlets of the exhaust ports of #2 and
#3 cylinders located between #1 and #4 cylinders, re-
spectively, second and third exhaust branches B2 and
B3 project forward, extends laterally toward each other,
and meets together at a shorter distance. A partition wall
23 is formed at the confluence between second and third
exhaust branches B2 and B3, and arranged to define a
confluence angle (or convergence angle) θ2 between
second and third branches B2 and B3, smaller than or
equal to 20°.
[0020] First combined branch W1 connected with out-
er branches B1 and B4 extends downwards between
second combined branch W2 and engine 1, as shown
in FIG. 4. First and second combined braches W1 and
W2 extend downwards, side by side, approximately in
parallel to each other. The confluence point between
second and third branches B2 and B3 is located at a
higher position. Accordingly, second combined branch
W2 includes a long straight section extending down-
wards. First combined branch W1 also includes a
straight section, but the straight section of first combined
branch W1 is shorter than that of second combined
branch W2.
[0021] A confluence angle (or convergence angle) θ3
between first and second combined branches W1 and
W2 is set smaller than or equal to 20°. In the illustrated
example, first and second combined branches W1 and
W2 extend straight side by side in the downward direc-
tion, and open straight into straight pipe section SP, so
that the confluence angle between the two combined
branches is equal to 0°. In this example, therefore, all
the three confluences are so arranged that the tributar-
ies meet together at a sharp confluence angle smaller
than or equal to 20°.
[0022] An inclination angle α formed by a center line
L of straight pipe section SP and a center line C of man-
ifold catalyst 3 is smaller than or equal to 30°, as shown
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in FIG. 2. Both center lines L and C may be aligned in
a line, and hence the inclination angle α may be equal
to zero. Therefore, center line L of straight pipe section
SP forms an angle in the range of 90° ± 30°, with a flat
joint surface of flange 22 at the outlet of exhaust mani-
fold 2, or a flat joint surface of exhaust catalyst 3 on the
inlet side.
[0023] Straight pipe section SP is formed with a hole
24 for mounting an air-fuel ratio sensor (or O2 sensor).
This mounting hole 24 is opened at an intermediate po-
sition in an outside wall of straight pipe section 2. A hole
25 shown in FIG. 1 is for mounting an air-fuel ratio sen-
sor (or O2 sensor) on the downstream side of catalyst 3.
[0024] Flare section DF of this example is conical and
flaring toward the downstream end 22 of exhaust man-
ifold 2. An expanding angle β as shown in FIG. 2 is set
smaller than or equal to 60°.
[0025] Manifold catalyst 3 includes a catalyst carrying
ceramic carrier of a honeycomb structure having thin
walls or honeycomb walls of a wall thickness less than
or equal to 3 mil (=3325.4/1000=0.076 mm). In this ex-
ample, the wall thickness of the honeycomb partition
wall is equal to about 2 mil (=2325.4/1000=0.051 mm).
The number of cells per 1 inch2 is 900.
[0026] The thus-constructed exhaust apparatus ac-
cording to this embodiment is operated as follows: This
system combines earlier the exhaust streams from two
cylinders which are not adjacent to each other in the fir-
ing order, and hence this system is less susceptible to
undesired influence of exhaust interference. Therefore,
this system can decrease the total length of the exhaust
pipes without causing a torque decrease in the low and
medium speed region.
[0027] For #2 and #3 cylinders, branches B2 and B3
are so arranged that branches B2 and B3 project later-
ally toward each other and meets at the shortest dis-
tance at the confluence point. After the confluence point,
the second combined branch W2 is in the form of a
straight long pipe. This arrangement can help decrease
the total length of exhaust piping, and thereby improve
the ability to increase the temperature of manifold cata-
lyst 3 after a start of engine 1.
[0028] FIG. 6A shows a relationship between the total
exhaust manifold pipe length and the exhaust tempera-
ture (specifically, the exhaust temperature just before
manifold catalyst 3 at 15 seconds after an engine start).
It is possible to increase the exhaust temperature just
before manifold catalyst 3 from 270°C to about 320°C
if the total exhaust pipe length can be decreased from
1200 mm to 900 mm. The total exhaust pipe length is a
total of lengths of exhaust branches and lengths of com-
bined branches. In the case of FIG. 6B, the total exhaust
pipe length is equal to a + b + c + d + e. In the case of
FIG. 6C, the total exhaust pipe length is equal to a + b
+ c + d + e f + g. FIG. 7 shows a relationship between
the exhaust temperature at a position just before mani-
fold catalyst 3 after 15 seconds after an engine start,
and an HC emission (or discharge) quantity at the outlet

of the catalyst during that time duration. By increasing
the exhaust temperature from 270° to 320°, this exhaust
system according to the embodiment can promote the
activation of manifold catalyst, and thereby reduce the
HC emission.
[0029] The arrangement of sharp confluence angle
smaller than or equal to 20° between two branches is
effective for reducing the exhaust interference by pre-
venting exhaust pulsation from propagating around a
sharp turn. If a confluence angle is larger, a blow down
wave can readily propagates from #1 cylinder around
the blunt confluence. Therefore, the blow down wave
can cause exhaust interference on another cylinder by
facilitating the propagation of blow down wave, and
cause exhaust interference on its own #1 cylinder by re-
flection from a closed exhaust valve of another cylinder.
FIG. 8 shows the results of measurement of exhaust pul-
sation pressure at the outlet of the exhaust port of #1
cylinder in arrangements of confluence angles of 60°,
30° and 0°. As shown in FIG. 8, by decreasing the con-
fluence angle, it is possible to decrease the exhaust pul-
sation pressure in the vicinity of a valve overlap from the
intake valve opening timing to the exhaust valve closing
timing, and thereby to reduce the exhaust interference.
When the confluence angle is smaller than or equal to
30°, the exhaust interference is as low as the level of
the arrangement having a confluence angle of 0°.
[0030] FIG. 9 shows a relationship between the con-
fluence angle and intake volumetric efficiency (ηv). As
shown in FIG. 9, in the range of the confluence angle
from 30° to 60°, the sensitivity is -0.17%/10° (the volu-
metric efficiency decreases by 0.17% each time the con-
fluence angle is increased by 10°). In the confluence an-
gle range of 0°~20°, the sensitivity is -0.05%/10° (the
volumetric efficiency decreases by 0.05% each time the
confluence angle is increased by 10°). Namely, an in-
crease in the confluence angle in the range of 0°~20°
exerts little influence on a decrease in the intake volu-
metric efficiency. In the confluence angle range beyond
20°, the volumetric efficiency decreases sharply with an
increase in the confluence angle especially when the
confluence angle exceeds 30°. Therefore, the system
according to the illustrated embodiment can decrease
the exhaust interference securely by setting the conflu-
ence angle lower than or equal to 20°.
[0031] In the illustrated embodiment of the present in-
vention, straight pipe section SP is interposed between
the confluence of the first and second combined branch-
es W1 and W2 and the exhaust purifying catalyst 3. This
straight pipe section SP functions to determine the di-
rection of the combined exhaust stream after the con-
fluence and to introduce the combined exhaust stream
in a direction approximately along the center line C of
exhaust purifying catalyst 3 (or the longitudinal direction
of exhaust catalyst 3), into manifold catalyst 3. Foreign
objects even if included in the exhaust could pass
through cell chambers without colliding against cell
walls of the catalyst carrying carrier. Therefore, this ar-
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rangement can restrain erosion. As shown in FIG. 10, a
foreign object could collide against a cell wall when the
object flows obliquely into manifold catalyst 3, as shown
by a broken line. In the case of the flow direction shown
by a solid line in FIG. 10, the foreign object is introduced
into exhaust purifying catalyst 3 along the cell walls, so
that the probability of the particle passing through a cell
chamber becomes higher. Therefore, the arrangement
of straight pipe section SP can prevent erosion due to
collision of foreign objects against carrier cell walls, and
damage of cell wall ends due to violent action of foreign
objects remaining at the inlet of the catalyst carrier.
[0032] FIG. 11 shows the results of an endurance test
corresponding to a travel of 150,000 kilometer. In this
test, erosion volume (cc) was measured for various val-
ues of the inclination angle α between the center line of
straight pipe section SP and the center line of exhaust
purifying catalyst 3. The inclination angle should be set
smaller than or equal to 30° when an allowable erosion
volume is 3 cc.
[0033] Nonuniformity in the exhaust gas velocity dis-
tribution in the end surface of the manifold catalyst could
cause one-sided stream, and excessive local tempera-
ture difference in the catalyst carrier under some engine
operating conditions, resulting in cracks. However, the
straight pipe section SP can serve as a runway for mix-
ing the exhaust gas streams, and uniformize the flow
velocity distribution in the catalyst.
[0034] With flare section DF having an expanding an-
gle equal to or smaller than 60°, the exhaust passage
is expanded smoothly to the inlet of manifold catalyst 3.
Flare section DF contributes to the uniformization of the
flow velocity distribution.
[0035] Exhaust branches B2 and B3 for #2 and #3 cyl-
inders are arranged to meet at a shorter distance, and
these braches B2 and B3 are shorter than exhaust
branches B1 and B4. Therefore, the second combined
branch W2 can serves as a long runway and contribute
to the uniformization of exhaust gas flow velocity distri-
bution of the exhaust gas flow flowing into the catalyst.
[0036] FIG. 12A shows flow velocity distribution in the
inlet of the manifold catalyst measured at a timing of ex-
haust gas stream flowing into the catalyst from each of
the four cylinders #1 ~ #4 in the engine system accord-
ing to the illustrate embodiment. FIG. 12B shows the re-
sults of a comparative example in which the confluence
angle between branches is greater, there is no straight
pipe section and the expanding angle of a diffuser sec-
tion is greater. The nonuniformity is lower in the case of
FIG. 12A as compared to the comparative example of
FIG. 12B. The degree of nonuniformity or irregularity in
the flow rate distribution can be expressed numerically
as:

In this equation, Vi is a flow velocity in each of various

γ = 1- Σ(|Vi-Vave|/Vave)

portions in the inlet end, and Vave is an average of the
flow velocities in the various portions. The irregularity is
greater when this quantity γ is smaller. The uniformity is
greater as γ increases.
[0037] FIG. 13 shows the degree γ of nonuniformity
calculated for the totality of all the cylinders and each
cylinder in the illustrated example according to the em-
bodiment and the comparative example. As shown in
FIG. 13, the irregularity is lower and the uniformity is
higher in the case of the illustrated example as com-
pared to the comparative example.
[0038] FIG. 14 shows the result of measurement of a
greatest temperature difference in the inlet end of the
manifold catalyst when the expanding angle β of the
flare section DF was varied. As evident from FIG. 14,
the expanding angle β should be set smaller than or
equal to 60° if an allowable greatest temperature differ-
ence is 130°.
[0039] FIG. 15 shows reduction of exhaust interfer-
ence by retardation of the exhaust valve opening timing
of the engine. In general, the exhaust valve opens about
45° before bottom dead center (BDC). However, in this
example of the embodiment, the exhaust valve opening
timing is set after 30° before bottom dead center, and
set in the range from 30 before bottom dead center, to
the bottom dead center. This example according to the
embodiment can retard the timing of blow down as
shown by broken lines in FIG. 15, as compared to an
ordinary example shown by solid lines of earlier tech-
nology. By so doing, the engine system of this example
can improve the exhaust interference during a valve
overlap (O/L) by preventing a reflected wave from
reaching a cylinder during its valve overlap, and thereby
improve the torque in the low and medium speed region.
Adjustment of the exhaust valve opening timing can be
achieved by a valve timing adjusting mechanism 50
shown in FIG. 16. For example, the adjustment of the
exhaust valve opening timing can be achieved by de-
creasing an operating angle of an exhaust valve driving
cam, varying an operating angle of an exhaust valve
with a variable valve timing mechanism, varying an ex-
haust valve operating angle and a valve lift, and shifting
a center position of an exhaust valve operation. Valve
timing adjusting mechanism 50 may include a variable
valve timing mechanism. When the exhaust valve oper-
ating angle is decreased, the torque could be decreased
in return in the high speed region. However, this is sur-
mountable with improvement in flow resistance in the
exhaust manifold by setting the expanding angle β of
the flare section smaller than or equal to 60°, and/or by
setting a ratio of a bending radius to a pipe diameter of
an exhaust manifold branch equal to or greater than 1.5.
When a variable valve timing system is employed, the
retardation of the exhaust valve opening timing may be
performed limitedly only in a low and medium speed re-
gion (lower than or equal to 4000 rpm, for example).
[0040] The position of an air fuel ratio sensor can be
determined in the following manner. In the illustrated ex-
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ample, the air fuel ratio sensor is mounted in straight
pipe section SP. This arrangement is advantageous for
narrowing down various factors to be tuned to determine
an optimum sensor position for the sensitivity of the air
fuel ratio sensor for each cylinder, and for facilitating the
determination of the optimum sensor position. In this ex-
ample, the position of mounting hole 24 for the air furl
ratio sensor is determined by adjusting the sensor in the
left and right direction in FIG. 4 to examine the sensitivity
for #1 and #4 cylinders and the sensitivity for #2 and #3
cylinders, and finding the optimum position for both
groups of cylinders.
[0041] In this embodiment, the inclination angle is
smaller than or equal to 30° between the center line of
straight pipe section SP and the center line of the man-
ifold catalyst. This arrangement can improve the erosion
resistance of the manifold catalyst. Moreover, the flare
section DF having an expanding angle smaller than or
equal to 60° is effective for uniformizing the flow velocity
distribution and temperature distribution in the catalyst,
and improving the heat resistance.
[0042] When combined with a catalyst of thin wall cat-
alyst carriers having wall thickness equal to or smaller
than 3 mil, the exhaust system according to this embod-
iment can reduce the time for activating the catalyst by
decreasing the heat capacity while preventing erosion.
[0043] The exhaust streams from two cylinders that
are not consecutive in the firing order are combined into
a combined branch at a sharp confluence angle smaller
than or equal to 20°, and the combined branches are
combined into a common collecting section. This ar-
rangement can reduce the exhaust interference signifi-
cantly, prevent a decrease in torque in the low and me-
dium speed ration, reduce the total length of the exhaust
piping by minimizing the length of an independent sec-
tion of the piping, and raise the temperature of the cat-
alyst quickly after a start of the engine.
[0044] Moreover, the combined branches are com-
bined at a confluence angle smaller than or equal to 20°.
Therefore, this system can further prevent the exhaust
interference, and prevent a decrease in torque in the low
and medium speed region. The exhaust branches for
inner cylinders such as #2 and #3 cylinders are com-
bined earlier on the upstream side. This arrangement
helps reduce the exhaust interference, decrease the to-
tal length of exhaust piping, and increase the tempera-
ture of the manifold catalyst. The exhaust branches for
inner cylinders project and extend laterally to meet at
the nearest position. This arrangement helps decrease
the total length of exhaust piping and reduce the time
for activating the catalyst.
[0045] The combined branch (such as W2) for inner
cylinders includes a long straight section. This arrange-
ment helps decrease the total length of exhaust piping
and reduce the time for activating the catalyst. In the
illustrated example, the exhaust valve is set to open at
a timing later than 30° before BTD. This retardation of
the exhaust valve opening timing retards the timing of

blow down, reduce the exhaust interference during
valve overlap and improve the torque in the low and me-
dium speed region.
[0046] In the illustrated embodiment, the straight pipe
section SP extends straight, and the cross sectional ar-
ea of the straight pipe section SP is uniform from the
upstream end to the downstream end of straight pipe
section SP. Exhaust branches B1~B4 serve as means
for conveying exhaust, from the exhaust ports of the en-
gine, toward a confluence portion. Straight pipe section
SP can serve as means for collecting exhaust streams
from the exhaust ports at the confluence portion, and
directing a combined exhaust stream continuously in a
longitudinal direction of the exhaust purifying catalyst.
[0047] The teaching of the present invention is appli-
cable to engines of various types. For example, the
present invention is applicable to an eight cylinder en-
gine such as V-type eight cylinder engine.

Claims

1. An engine exhaust apparatus comprising:

an exhaust manifold (2) which comprises:

a plurality of exhaust branches (B1~B4) ex-
tending from respective upstream ends
(21) to be connected with cylinders of an
engine;
a first combined branch (W1) into which
two of the exhaust branches (B1,B4)
merge together,
a second combined branch (W2) into which
other two of the exhaust branches (B2, B3)
merge together; and
a straight pipe section (SP) into which the
first and second combined branches
(W1,W2) merge together;

characterized in that an upstream end of the sec-
ond combined branch (W2) at which two of the ex-
haust branches (B2,B3) meet is located on an up-
stream side of an upstream end of the first com-
bined branch (W1) at which other two of the exhaust
branches (B1,B4) meet.

2. Engine exhaust apparatus according to claim 1,
characterized in that the exhaust manifold (2) fur-
ther comprises a flare section (DF) expanding from
the straight pipe section to a downstream end (22)
of the exhaust manifold.

3. Engine exhaust apparatus according to claim 2,
characterized in that the expanding angle of the
flare section (DF) is smaller than or equal to 60°.

4. Engine exhaust apparatus according to one of the
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claims 1 to 3, characterized in that the exhaust
branches (B1, B4) connected to the first combined
branch (W1) are branches to be connected with two
of the cylinders of the engine which are not consec-
utive in a firing order of the engine, and the exhaust
branches (B2,B3) connected to the second com-
bined branch (W2) are branches to be connected
with two of the cylinders of the engine which are not
consecutive in the firing order of the engine.

5. Engine exhaust apparatus according to one of the
claims 1 to 4, characterized in that in each of the
first and second combined branches (W1, W2), the
two exhaust branches (B1~B4) meet at a conflu-
ence angle (θ1, θ2) smaller than or equal to 20°.

6. Engine exhaust apparatus according to one of the
claims 1 to 5, characterized in that the first and
second combined branches (W1, W2) meet at a
confluence angle smaller than or equal to 20°.

7. Engine exhaust apparatus according to one of the
claims 1 to 6, characterized in that the exhaust
branches (B2, B3) connected to the second com-
bined branch (W2) extend laterally toward each oth-
er.

8. Engine exhaust apparatus according to one of the
claims 1 to 7, characterized in that the first and
fourth branches (B1, B4) are connected to the first
combined branch (W1), and the second and third
branches (B2, B3) are connected to the second
combined branch (W2),wherein the first, second,
third and fourth branches (B1~B4) are the exhaust
branches for the first, second, third and fourth cyl-
inders of the engine, which are arranged in a row
so that the second and third cylinders are located
between the first and fourth cylinders in the row of
the cylinder.

9. Engine exhaust apparatus according to one of the
claims 1 to 8, characterized in that the second
combined branch (W2) comprises a straight sec-
tion.

10. Engine exhaust apparatus according to claim 9,
characterized in that the first combined branch
(W1) comprises a straight section shorter than the
straight section of the second combined branch
(W2).

11. Engine exhaust apparatus according to claim 10,
characterized in that the straight sections of the
first and second combined branches (W1, W2) ex-
tend side by side to the straight pipe section (SP);
and in that the first combined branch (W1) is locat-
ed between the second combined branch (W2) and
the upstream ends (21) of the exhaust manifold.

12. Engine exhaust apparatus according to claim 10 or
11, characterized in that the straight pipe section
(SP) extends straight in a downward direction to-
ward a position of an exhaust purifying catalyst (3)
to be disposed just below the exhaust manifold (2),
the straight section of the first combined branch
(W1) extends in the downward direction into the
straight pipe section (SP), and the straight section
of the second combined branch (W2) extends in the
downward direction into the straight pipe section
(SP).

13. Engine exhaust apparatus according to claim 12,
characterized in that the engine exhaust appara-
tus further comprises the exhaust purifying catalyst
including a catalyst carrying carrier having thin walls
extending in a longitudinal direction of the exhaust
purifying catalyst, and the straight pipe section (SP)
extends in such a direction as to cause exhaust gas
stream to flow into the exhaust purifying catalyst in
the longitudinal direction.

14. Engine exhaust apparatus according to one of the
claims 1 to 13, characterized in that a downstream
end (22) of the exhaust manifold is adapted to be
connected with the exhaust purifying catalyst (3) in
such a manner that an angle (α) between a center
line (L) of the straight pipe section (SP) and a center
line (C) of the exhaust purifying catalyst (3) is small-
er than or equal to 30°.

15. Engine exhaust apparatus according to one of the
claims 1 to 14, characterized in that the engine
exhaust apparatus further comprises the exhaust
purifying catalyst (3) including a thin-wall catalyst
carrier of ceramic having a wall thickness smaller
than or equal to 3 mil (0,076 mm).

16. Engine exhaust apparatus according to one of the
claims 1 to 15, characterized in that an exhaust
valve opening timing is set in a range from 30° be-
fore a bottom dead center to the bottom dead center
of the engine.

Patentansprüche

1. Motorabgasvorrichtung, die aufweist:

einen Auslassverteiler (2), der aufweist:

eine Mehrzahl von Auslassverzweigungen
(B1 - B4), die sich von jeweiligen stromauf-
wärtigen Enden (21) erstrecken, zum Ver-
binden mit Zylindern eines Motors;
eine erste kombinierte Verzweigung (W1),
in die zwei der Auslassverzweigungen (B1
- B4) zusammengeführt werden;
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eine zweite kombinierte Verzweigung
(W2), in die die anderen zwei Auslassver-
zweigungen (B2, B3) zusammengeführt
werden; und
einen geraden Rohrabschnitt (SP), in dem
die ersten und zweiten kombinierten Ver-
zweigungen (W1, W2) zusammengeführt
werden;

dadurch gekennzeichnet, dass ein stromaufwär-
tiges Ende der zweiten kombinierten Verzweigung
(W2), an der sich zwei der Auslassverzweigungen
(B2, B3) treffen, auf einer stromaufwärtigen Seite
eines stromaufwärtigen Endes der ersten kombi-
nierten Verzweigung (W1) angeordnet ist, an der
sich zwei andere der Auslassverzweigungen (B1,
B4) treffen.

2. Motorabgasvorrichtung nach Anspruch 1, dadurch
gekennzeichnet, dass der Auslassverteiler (2) au-
ßerdem einen Aufweitungsabschnitt (DF) aufweist,
der sich von dem geraden Rohrabschnitt zu einem
stromabwärtigen Ende (22) des Auslassverteilers
erweitert.

3. Motorabgasvorrichtung nach Anspruch 2, dadurch
gekennzeichnet, dass der Ausdehnungswinkel
des Aufweitungsabschnittes (DF) kleiner als oder
gleich zu 60° ist.

4. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 3, dadurch gekennzeichnet, dass die Aus-
lassverzweigungen (B1, B4), verbunden mit der er-
sten kombinierten Verzweigung (W1), Verzweigun-
gen sind, zur verbindung mit zwei der Zylinder des
Motors, die nicht aufeinanderfolgend in einer Zünd-
folge des Motors sind, und die Auslassverzweigun-
gen (B2, B3), verbunden mit der zweiten kombinier-
ten Verzweigung (W2) Verzweigungen sind, zur
Verbindung mit zwei der Zylinder des Motors, die
nicht aufeinanderfolgend in einer Zündfolge des
Motors sind.

5. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 4, dadurch gekennzeichnet, dass in jede der
ersten und zweiten kombinierten Verzweigungen
(W1, W2), die zwei Auslassverzweigungen (B1 -
B4) unter einem Zusammenführungswinkel (θ1, θ2)
kleiner als oder gleich zu 20° treffen.

6. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 5, dadurch gekennzeichnet, dass sich die
ersten und zweiten kombinierten Verzweigungen
(W1, W2) unter einem Zusammenführungswinkel
kleiner als oder gleich zu 20° treffen.

7. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 6, dadurch gekennzeichnet, dass sich die

Auslassverzweigungen (82, B3), verbunden mit der
zweiten kombinierten Verzweigung (W2) seitlich in
die Richtung aufeinander zu erstrecken.

8. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 7, dadurch gekennzeichnet, dass die ersten
und vierten Verzweigungen (B1, 84) mit der ersten
kombinierten Verzweigung (W1) verbunden sind
und die zweiten und dritten Verzweigungen (B2, B3)
mit der zweiten kombinierten Verzweigung (W2)
verbunden sind, wobei die erste, zweite , dritte und
vierte Verzweigung (B1 - B4) die Auslassverzwei-
gungen für den ersten, zweiten, dritten und vierten
Zylinder des Motors sind, die in einer Reihe so an-
geordnet sind, dass die zweiten und dritten Zylinder
zwischen den ersten und vierten Zylindern in der
Reihe der Zylinder angeordnet sind.

9. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 8, dadurch gekennzeichnet, dass die zweite
kombinierte Verzweigung (W2) einen geraden Ab-
schnitt aufweist.

10. Motorabgasvorrichtung nach Anspruch 9, dadurch
gekennzeichnet, dass die erste kombinierte Ver-
zweigung (W1) einen geraden Abschnitt, kürzer als
der gerade Abschnitt der zweiten kombinierten Ver-
zweigung (W2), aufweist.

11. Motorabgasvorrichtung nach Anspruch 10, da-
durch gekennzeichnet, dass die geraden Ab-
schnitte der ersten und zweiten kombinierten Ver-
zweigungen (W1, W2) sich nebeneinander zu dem
geraden Rohrabschnitt (SP) erstrecken; und da-
durch, dass die erste kombinierte Verzweigung
(W1) zwischen der zweiten kombinierten Verzwei-
gung (W2) und den stromaufwärtigen Enden (21)
des Auslassverteilers angeordnet ist.

12. Motorabgasvorrichtung nach Anspruch 10 oder 11,
dadurch gekennzeichnet, dass sich der gerade
Rohrabschnitt (SP) sich gerade in einer stromab-
wärtigen Richtung zu einer Position des Abgasrei-
nigungskatalysators (3) erstreckt, um unmittelbar
unter dem Auslassverteiler (2) angeordnet zu sein,
sich der gerade Abschnitt der ersten kombinierten
Verzweigung (W1) in die stromabwärtige Richtung
in den geraden Rohrabschnitt (SP) erstreckt und
sich der gerade Abschnitt der zweiten kombinierten
Verzweigung (W2) in der stromabwärtigen Richtung
in den geraden Rohrabschnitt (SP) erstreckt.

13. Motorabgasvorrichtung nach Anspruch 12, da-
durch gekennzeichnet, dass die Motorabgasvor-
richtung außerdem den Abgasreinigungskatalysa-
tor aufweist, der einen Katalysator tragenden Trä-
ger enthält, der dünne Wände hat, die sich in einer
Längsrichtung des Abgasreinigungskatalysators
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erstrecken, und sich der gerade Rohrabschnitt (SP)
in solch einer Richtung erstreckt, um den Abgas-
strom zu veranlassen, in den Abgasreinigungska-
talysator in der Längsrichtung zu strömen.

14. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 13, dadurch gekennzeichnet, dass ein
stromabwärtiges Ende (22) des Auslassverteilers
vorgesehen ist, mit dem Abgasreinigungskatalysa-
tor (3) in solch einer Weise verbunden zu werden,
dass ein Winkel (α) zwischen einer Mittellinie (L)
des geraden Rohrabschnittes (SP) und einer Mittel-
linie (C) des Abgasreinigungskatalysators (3) klei-
ner als oder gleich zu 30° ist.

15. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 14, dadurch gekennzeichnet, dass die Mo-
torabgasvorrichtung außerdem den Abgasreini-
gungskatalysator (3) aufweist, der einen dünnwan-
digen Katalysatorträger aus Keramik aufweist, der
eine Wanddicke kleiner als oder gleich zu 3 mit
(0,076 mm) hat.

16. Motorabgasvorrichtung nach einem der Ansprüche
1 bis 15, dadurch gekennzeichnet, dass ein Aus-
lassventil- Öffnungszeitpunkt in einem Bereich von
30° vor dem unteren Totpunkt bis zum unteren Tot-
punkt des Motors festgelegt wird.

Revendications

1. Un système d'échappement pour moteurs à com-
bustion interne, comprenant:

un collecteur d'échappement (2) qui comprend:

une pluralité d'embranchements d'échap-
pement (B1-B4) s'étendant depuis des ex-
trémités amont (21) pour être reliées aux
cylindres d'un moteur;
un premier embranchement combiné (W1)
dans lequel fusionnent deux des embran-
chements d'échappement (B1, B4);
un second embranchement combiné (W2)
dans lequel fusionnent deux autres des
embranchements d'échappement (B2,
B3); et
une partie de conduit rectiligne (SP) dans
laquelle fusionnent les premier et second
embranchements combinés (W1, W2);

caractérisé en ce qu'une extrémité amont du se-
cond embranchement combiné (W2) au niveau de
laquelle se rencontrent deux des embranchements
d'échappement (B2, B3) est située sur un côté
amont d'une extrémité amont du premier embran-
chement combiné (W1) au niveau de laquelle se

rencontrent deux des autres embranchement
d'échappement (B1, B4).

2. Système d'échappement pour moteurs à combus-
tion interne selon la revendication 1, caractérisé en
ce que le collecteur d'échappement (2) comprend
en outre une partie évasée (DF) s'élargissant de-
puis la partie de conduit rectiligne jusqu'à une ex-
trémité aval (22) du collecteur d'échappement.

3. Système d'échappement pour moteurs à combus-
tion interne selon la revendication 2, caractérisé en
ce que l'angle d'élargissement de la partie évasée
(DF) est inférieur ou égal à 60°.

4. Système d'échappement pour moteurs à combus-
tion interne selon l'une des revendications 1 à 3,
caractérisé en ce que les embranchements
d'échappement (B1, B4) reliés au premier embran-
chement combiné (W1) sont des embranchement
devant être reliés à deux des cylindres du moteur
qui ne sont pas consécutifs dans un ordre d'alluma-
ge du moteur, les embranchements d'échappement
(B2, B3) reliés au second embranchement combiné
(W2) étant des embranchements devant être reliés
à deux des cylindres du moteur qui ne sont pas con-
sécutifs dans l'ordre d'allumage du moteur.

5. Système d'échappement pour moteurs à combus-
tion interne selon l'une des revendications 1 à 4,
caractérisé en ce que dans chacun des premier et
second embranchements combinés (W1, W2), les
deux embranchements (B1-B4) se rencontrent au
niveau d'un angle de confluence (θ1, θ2) inférieur
ou égal à 20°.

6. Système d'échappement pour moteurs à combus-
tion selon l'une des revendications 1 à 5, caracté-
risé en ce que les premier et second embranche-
ments combinés (W1, W2) se rencontrent au niveau
d'un angle de confluence inférieur ou égal à 20°.

7. Système d'échappement pour moteurs à combus-
tion interne selon l'une des revendications 1 à 6,
caractérisé en ce que les embranchements
d'échappement (B2, B3) reliés au second embran-
chement combinés (W2) s'étendent latéralement
l'un vers l'autre.

8. Système d'échappement pour moteurs à combus-
tion interne selon l'une des revendications 1 à 7,
caractérisé en ce que les premier et quatrième
embranchements (B1, B4) sont reliés au premier
embranchement combiné (W1), et les second et
troisième embranchements (B2, B3) sont reliés au
second embranchement combiné (W2), où les pre-
mier, second, troisième et quatrième embranche-
ments (B1-B4) sont les embranchements d'échap-
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pement pour les premier, second, troisième et qua-
trième cylindres du moteur, lesquels sont disposés
dans une rangée de sorte que les second et troisiè-
me cylindres sont situés entre les premier et qua-
trième cylindres dans la rangée du cylindre.

9. Système d'échappement pour moteurs à combus-
tion interne selon l'une des revendications 1 à 8,
caractérisé en ce que le second embranchement
combiné (W2) comprend une partie rectiligne.

10. Système d'échappement pour moteurs à combus-
tion interne selon la revendication 9, caractérisé en
ce que le premier embranchement combiné (W1)
comprend une partie rectiligne plus courte que la
partie rectiligne du second embranchement combi-
nés (W2).

11. Système d'échappement pour moteurs à combus-
tion interne selon la revendication 10, caractérisé
en ce que les parties rectilignes des premier et se-
cond embranchement combinés (W1, W2) s'éten-
dent côte à côte jusqu'à la partie de conduit rectili-
gne (SP); et ce que le premier embranchement
combiné (W1) est situé entre le second embranche-
ment combiné (W2) et l'extrémité amont (21) du col-
lecteur d'échappement.

12. Système d'échappement pour moteurs à combus-
tion interne selon la revendication 10 ou 11, carac-
térisé en ce que la partie de conduit rectiligne (SP)
s'étend de manière rectiligne vers le bas en direc-
tion d'une position d'un catalyseur de purification
d'échappement (3) devant être disposé juste en
dessous du collecteur d'échappement (2), la partie
rectiligne du premier embranchement combinée
(W1) s'étend vers le bas dans la partie de conduit
rectiligne (SP), et la partie rectiligne du second em-
branchement (W2) s'étend vers le bas dans la partie
de conduit rectiligne (SP).

13. Système d'échappement pour moteurs à combus-
tion interne selon la revendication 12, caractérisé
en ce que le système d'échappement pour moteurs
à combustion interne comprend en outre le fait que
le catalyseur de purification d'échappement inclut
un support de catalyseur à parois minces s'éten-
dant dans une direction longitudinale du catalyseur
de purification d'échappement, la partie de conduit
rectiligne (SP) s'étendant dans une direction telle à
amener le courant des gaz d'échappement à passer
dans le catalyseur de purification d'échappement
dans la direction longitudinale.

14. Système d'échappement pour moteurs à combus-
tion interne selon l'une des revendications 1 à 13,
caractérisé en ce qu'une extrémité aval (22) du
collecteur d'échappement est adaptée à être reliée

au catalyseur de purification d'échappement (3) de
telle manière qu'un angle (α) entre un axe (L) de la
partie de conduit rectiligne (SP) et un axe (C) du
catalyseur de purification d'échappement soit infé-
rieure ou égale à 30°.

15. Système d'échappement pour moteurs à combus-
tion interne selon l'une des revendications 1 à 14,
caractérisé en ce que le système d'échappement
pour moteurs à combustion interne comprend en
outre le fait que le catalyseur de purification
d'échappement (3) inclut un support de catalyseur
à parois mince de céramique ayant une épaisseur
de paroi inférieure ou égale à 3 mil (0,076 mm).

16. Système d'échappement pour moteurs à combus-
tion interne selon l'une des revendications 1 à 15,
caractérisé en ce qu'un calage d'ouverture de la
soupape d'échappement est réglé dans une gam-
me de 30° avant un point mort inférieur au point
mort inférieur du moteur.
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